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b-Acaridial
[(E )-1; (E )-2-(4-methyl-3-pentenylidene)butanedial] has been identiˆed as a new monoterpene not only from Acari, the mold mite Tyrophagus putrescentiae, 1) but also from Insecta, three gall-forming thrips (Thysanoptera: Phlaeothripidae), 2) without obvious biological functions. Theˆrst biological function as the female sex pheromone has been demonstrated in the acarid mite, Caloglyphus (＝Sancasania) polyphyllae (Astigmata, Acaridae) which possesses (E )-1 as a major component of the secretion from a pair of opisthonotal glands. 3) In the same species, compound (E )-1 has also been identiˆed as the aggregation pheromone, functioning when mites were introduced into a new and non-accustomed place. 4) Furthermore, compound (E )-1 has been found as the alarm pheromone of the acarid mite, Tyrophagus longior, 5) and is distributed in 22 species among the 52 species of Astigmata examined, including those three species just mentioned. 6) As suggested from its structure possessing a conjugated dialdehyde moiety, 7, 8) compound (E )-1 is a strong antifungal agent, 9) and may be a defense substance for these mites living under highly humid conditions. However, it was di‹cult to obtain a su‹cient amount of (E )-1 by the reported method. 1) We describe here a simple synthesis of (E )-1 to supply su‹cient of the material for biological studies, together with compounds
The synthetic route is summarized in Fig. 2 . The key intermediate, 1,4-bis[(tert-butyldimethylsilyl)oxy]-2-butanone 4, was prepared from 1,2,4-butanetriol 2 by protecting two primary hydroxy groups with tert-butyldimethylchlorosilane and subsequent oxidation of the secondary hydroxy group with PDC. By the reported method, 1) similar 1,4-bistetrahydropyranoxy-2-butanone has been prepared from 2-butyn-1,4-diol by hydration of the acetylene triple bond with mercuric sulfate as a catalyst. Although it is not clear which protective group is more suitable for the next step of the Wittig reaction, the present preparation of 4 is more convenient than the previously reported one because mercuric sulfate, an environmentally hazardous reagent, was not involved in the synthesis.
The Wittig reaction of 4 with the ylid derived from 4-methyl-3-pentenyltriphenylphosphonium bromide 5 1, 10) by n-BuLi gave a Z and E mixture of TBSprotected glycol 6. Without further puriˆcation, crude 6 was dissolved in THF and deprotected with n-Bu4NF to give a mixture of b-(E )-acaridiol [(E ) -7] and b-(Z )-acaridiol [(Z ) -7] (ratio ca. 4:1 by GC) in a 45z yield. The 13 C-NMR spectrum of the (E )-7 isomer (GC-tR: 12.78 min) indicated a chemical shift of the methylene between the double bond and the hydroxy group at 68.1 ppm, while that of the (Z )-7 isomer (GC-t R : 12.86 min) was at 62.6 ppm (upˆeld shift) due to the g-eŠect. Each geometric isomer was separated by silica gel column chromatography. The conditions to oxidize (E )-7 to (E )-1 were examined as a key step in our synthesis. PDC oxidation to (E )-1 as reported 1) resulted in a low yield (4z), while that to b-acariolal 8 proceeded in a 63z yield. Compound 8, which has recently been identiˆed as one of the secretory components from Caloglyphus polyphyllae, was prepared from 2 in a 24z overall yield. The NMR and MS data were identical with those of the previously prepared compound. 11) Compound (E )-1 was prepared in an 18z yield by Swern oxidation 12) of (E )-7. The other choice, Dess-Martin periodinane oxidation, [13] [14] [15] proceeded satisfactorily in a 49z yield (19z overall yield inˆve steps). The spectral data of (E )-1 were identical to those of the natural and previously reported products. 1) Compound (Z )-7, prepared Z-selectively with the Wittig reaction by using sodium bistrimethylsilylamide, 16) was similarly oxidized with Dess-Martin periodinane to give an unexpected mixture of (Z )-1 (GC-t R : 11.13 min) and (E )-1 (GC-t R : 11.04 min) due to isomerization during the oxidation procedure. The ratio of (Z )-1 and (E )-1 was determined to be ca. 2:5 by the non-conjugated aldehyde signals in the 1 H-NMR spectrum. The Z and E isomers were separated by a silica gel HPLC column eluted with hexane-ethyl acetate (3:1). The presence of (Z )-1 was also found as a trace in the secretion from Caloglyphus polyphyllae, and gave the same MS data and GC retention time as those of synthesized (Z )-1. Compound (Z )-1 has never previously been reported from natural sources to the best of our knowledge from the data search conducted.
In conclusion, we developed a practical new synthetic route to (E )-1, starting from 2, in 5 steps.
Although (E )-1 is a widely distributed component among Astigmata, compound 8 seems to be restricted only to Caloglyphus polyphyllae, other than the species-speciˆc hydrocarbon, (Z,Z )-1,6,9-heptadecatriene, already reported. 17) In addition to both compounds (E )-1 and 8, a new monoterpene, (Z )-1, was obtained by this synthesis. Compound (Z )-1 is only a minor component in the secretion of Caloglyphus polyphyllae, although it has recently been revealed that (Z )-1 is distributed among several astigmatid mites (unpublished observation). Compound (E )-1 is known as the sex 3) and aggregation pheromone 4) of Caloglyphus polyphyllae and as the alarm pheromone 5) of Tyrophagus longior. Based on these biological functions of structurally related (E )-1, compound (Z )-1 can obviously be expected to possess such biological functions such as a pheromone and (or) antifungal agent, although its actual function is obscure at present. Further investigation of the astigmatid mite components may also provide various new compounds, and it will become possible to understand the complicated pheromonal system among astigmatid mites.
Experimental
Material and methods. The origin and breeding method for Caloglyphus polyphyllae have been reported previously.
4) The mites were separated from the culture medium and extracted by a conventional saturated saline ‰otation method as previously reported.
18) GC W MS was carried out by a Hewlett Packard HP-5989B gas chromatograph W mass spectrometer operated at 70 eV in the split-less mode, using an HP-5 MS capillary column (0.32 mm in diameter×30 m in length, 0.33 mm inˆlm thickness) and helium as the carrier gas at 1.24 ml W min, the temperature being programmed from 609 C to 2909 C at 109 C W min, with an initial 2-min hold at 609 C and then at 2909 C for 5 min. IR spectra were recorded by a Bio-Rad FT-IRD instrument coupled to a Hewlett Packard 5890 series II Plus gas chromatograph. GC was carried out by the same gas chromatograph in an HP-5 capillary column (0.2 mm×25 m, 0.33 mm in lm thickness) under the same analytical conditions as those just described.
1 H-and 13 C-NMR spectra were obtained with a Bruker AC300 instrument ( 1 H at 300 MHz, 13 C at 75 MHz) in a CDCl3 solution with TMS as an internal standard. and tert-butyldimethylchlorosilane (2.3 g, 15.4 mmol) were successively added while stirring at r.t., and the mixture was then stirred overnight. After adding ether, the organic layer was successively washed with satd. NaHCO3 and satd. NH4Cl, and dried over Na2SO4. After evaporating the solvent in vacuo, the residual oil was puriˆed in a silica gel column, eluting with a mixture of hexaneether (4:1) to give bis-TBS butanol 3 (2.23 g, 95z). To 3 (2.23 g, 6.68 mmol) dissolved in anhydrous CH2Cl2 (60 ml), PDC (7.51 g, 19.97 mmol) was added at r.t. while stirring, and the mixture was then stirred overnight. After removing the precipitate by passing through Celite, theˆltrate concentrated in vacuo was puriˆed in a silica gel column, eluting with a mixture of hexane-ethyl acetate (10:1) to give 4 (1.99 g, 90z). 
b-(E)-Acaridiol [(E)-7] and b-(Z)-acaridiol [(Z)-7].
To stirred phosphonium bromide 5 (3.33 g, 7.84 mmol) suspended in anhydrous ether (20 ml), nBuLi (10 M in hexane, 784 ml, 7.84 mmol) was added dropwise at -59 C under an N2 atmosphere. After stirring for 30 min, 4 (1.99 g, 5.99 mmol) dissolved in anhydrous ether (15 ml) was added dropwise, and the mixture was stirred for 1 h, during which the temperature was allowed to rise to r.t. After removing the precipitate by passing through Celite, theˆltrate was washed with brine, dried over Na2SO4, and concentrated in vacuo to give 1.98 g of crude 6. To an anhydrous THF (15 ml) solution of oily 6 (1.98 g), tetrabutylammonium ‰uoride (1.0 M in THF, 9.95 ml, 9.95 mmol) was added at r.t. while stirring. To the mixture after stirring for 1 h, 2 N HCl (2 ml) was carefully added to quench the reaction, and the mixture was extracted with ether, washed with brine and dried over Na2SO4. After evaporating the solvent, the crude product was puriˆed in a silica gel column, eluting with a mixture of hexane-ethyl acetate (1:1) to give (E )-7 (459 mg, 45z) and (Z )-7 (112 mg, 11z). b-Acaridial [(E)-1] by Swern oxidation. To a solution of oxalyl chloride (0.21 ml, 2.4 mmol) in anhydrous CH2Cl2 (10 ml), a mixture of DMSO (0.34 ml, 4.8 mmol) and anhydrous CH2Cl2 (4 ml) was added dropwise at -709 C under an N 2 atmosphere. After stirring for 15 min, a solution of (E )-7 (170 mg, 1.0 mmol) in anhydrous CH2Cl2 (10 ml) was added dropwise during 5 min at the same temperature, and the mixture was additionally stirred for 15 min. Triethylamine (1.4 ml, 10 mmol) was then added, and the temperature was gradually raised to 09 C. After adding water and ether, the ethereal layer was extracted with ether, washed with brine, dried over Na2SO4, and concentrated in vacuo. The residue was puriˆed in a silica gel column, eluting with a mixture of hexane-ether (2:1) to give target (E ) -1 (30 mg, 18z) . GLC tR＝11.04 min; GC W FT-IR n cm 1 .97 mmol) and 3 drops of pyridine were added at 09 C. The temperature was then raised to r.t., and the mixture was stirred for 2 h. After diluting with ether, satd. NaHCO3 and satd. Na2S2O3 were added to it while vigorously stirring. The mixture was extracted with ether, and the ethereal solution of the product was successively washed with water and brine, dried over Na2SO4 and concentrated in vacuo. The residual oily product was puriˆed in a silica gel column, eluting with a mixture of hexane-ether (3:1) to give (E )-1 (57 mg, 49z).
b-Acariolal (8) . PDC (750 mg, 2 mmol) was added to (E )-7 (100 mg, 0.59 mmol) dissolved in anhydrous CH 2 Cl 2 (10 ml) while stirring at r.t. After 1.5 h, the mixture wasˆltered through Celite, and theˆltrate was concentrated in vacuo. The residue was puriˆed in a silica gel column, eluting with a mixture of hexane-ether (1:1) to give 8 (62 mg, 63z). All data for GLC t R , NMR and MS were identical to those reported previously.
11)
b-(Z)-acaridiol [(Z) -7] . To a stirred suspension of 5 (2.90 g, 6.82 mmol) in anhydrous THF (30 ml) cooled to 09 C was added dropwise sodium bistrimethylsilylamide (1.0 M in THF, 6.6 ml, 6.6 mmol) under an N2 atmosphere. The resulting solution was stirred for 30 min and then cooled to -789 C. To the solution was added dropwise an anhydrous THF solution (5 ml) of 4 (1.50 g, 4.52 mmol). The resulting solution was stirred at -789 C for 30 min, allowed to warm to r.t., and then stirred overnight. The mixture was quenched with satd. NH4Cl at 09 C, extracted with ether, and successively washed with water and brine. The organic layer was dried over Na2SO4 and concentrated in vacuo, and the crude product was puriˆed in a silica gel column, eluting with a mixture of hexane-ethyl acetate (6:1) to give (Z )-6 (1.69 g, 94z). To a solution of (Z )-6 in anhydrous THF (15 ml) was added tetrabutylammonium ‰uoride (1.0 M in THF, 8.49 ml, 8.49 mmol) at r.t. The mixture was stirred for 1 h and then quenched with 2 N HCl (2 ml). The mixture was extracted with ether, washed with brine and dried over Na2SO4. After evaporating the solvent, the crude product was puriˆed in a silica gel column, eluting with a mixture of hexane-ethyl acetate (1:1) to give (Z )-7 (500 mg, 69z).
To a solution of (Z )-7 (100 mg, 0.59 mmol) in anhydrous CH2Cl2 (7 ml) were added Dess-Martin periodinane (700 mg, 1.65 mmol) and 3 drops of pyridine at 09 C. The resulting solution was warmed to r.t., and the mixture was stirred for 2 h. After diluting with ether, satd. NaHCO3 and satd. Na2S2O3 were added to it while vigorously stirring. The mixture was extracted with ether, and the ethereal solution of the product was successively washed with water and brine, dried over Na2SO4 and concentrated in vacuo. The residue was chromatographed in a silica gel column, eluting with a mixture of hexane-ether (3:1) to give a mixture of (Z )-1 and (E )-1 in a ratio of ca. 2:5. This mixture was separated by silica gel HPLC, eluting with a mixture of hexane-ethyl acetate (3:1) to give target compounds (Z )-1 (11 mg) and (E )-1 (32 mg). 
